Chelon caeruleum sp. nov. is described as a new species of Chelon encountered in the Rashid coastal region of the Mediterranean Sea, Egypt. With this finding, the new species is the sixth member of the genus Chelon. Chelon caeruleum sp. nov. is distinguished from its congeners by the following characters: colouration of body is dark bluish grey dorsally and the sides are blue; head length 20.5 to 21.6% SL; head width 13 to 13.5% SL; pre-first dorsal fin length 50% SL; eye diameter 4.6 to 5.2% SL; postorbital length 10.7 to 11.1% SL; unbranched pyloric caeca are 2 short and 4 long; a pair of long (one longer than the other), spine-like neural postzygapophyse on the second vertebra. DNA of Chelon caeruleum sp. nov. and five mullet species (Mugil cephalus, Liza carinata, Liza ramada, Liza aurata, and Chelon labrosus) was extracted then amplified using polymerase chain reaction (PCR) and sequenced. The mtDNA cytochrome oxidase subunit I sequence analysis confirmed that Chelon caeruleum sp. nov. is distinct from other congeners of Chelon and it is a different species of Chelon which is new to science.
INTRODUCTION
Mugilidae or grey mullets contain 17 genera and 72 species, most of which are classified into three genera: Mugil, Liza and Chelon (Nelson, 2006; Durand et al., 2017) . The taxonomy and phylogenetic relationships among the species of Mugilidae remain unresolved (Harrison et al., 2007) . The reason for this is that most classical methods used for species identification and systematics, such as morphological characters, are greatly similar within the mullets (Schultz, 1946 ; Thomson, 1997; Liu et al., 2010) .
Chelon (Rose, 1793) is the largest genus of the family Mugilidae and the most difficult to classify. The species of this genus are distributed in the Mediterranean Sea (Turan et al., 2011) and European seas, throughout the Indo-Pacific region and along the western coast of Africa (Senou et al., 1996) . Schultz (1946) revised the genera of the Mugilidae on a worldwide basis; he considered Chelon to be a valid genus on the basis of the morphology of the mouth including maxilla and teeth, and other characters such as the form of the adipose eyelid and scales. He regarded Liza as synonyms of the genus. Thomson (1954) Trewavas and Ingham (1972) ; they reported that Chelon is available name according to the International code of zoological nomenclature of 1961, Art. 68d (i) . In this study, specimens of an unidentified Chelon species were collected from the Rashid coastal region of northern Egypt. Moreover, COI sequence variation of different mullet species was analysed to determine the precise taxonomic status of the newly described species. A description of morphological features and a taxonomical study of a new species of the genus Chelon are given in this work.
MATERIALS AND METHODS

Study area and sample collection
Fifteen specimens of each mullet species were collected from the Rashid coast in the north of Egypt, in the southeastern part of the Mediterranean Sea at 31° 32' N 30° 25' E. These are: Mugil cephalus (Flathead grey mullet), Liza ramada (Thinlip mullet), Liza aurata (Golden grey mullet), Chelon labrosus (Thicklip grey mullet) and Chelon caeruleum sp. nov. Samples of Liza carinata (Keeled mullet) were collected from the Red Sea (Safaga Coast) at 26° 51' N 34° 9' E ( Fig. 1) .
Morphological data
Nineteen morphometric measurements were recorded with vernier calipers accurate to 0.05 mm. Body proportions were expressed in percentage of standard length (SL). All measurements are presented in Table 1 (60 sec), finishing at 72°C for 10 min. Aliquots (5 μL) of amplicons were examined in 2% gels, stained with ethidium bromide and photographed under UV transillumination. The PCR product was purified using a GeneJET™ kit (Thermo K0701), according to the manufacturer's protocol. Purified PCR samples were sent for sequencing to a GATC Company in England which uses an ABI 3730xl DNA sequencer.
Molecular analysis
The resulting sequences were confirmed as being derived from mullet DNA using the GenBank Blast algorithm. The DNADynamo software version 1.459 was used for editing the sequences and they were aligned using Clustal W. DNASTAR lasergene software version 15 was used for estimating genetic distances between studies species. Finally, the phylogenetic analyses used were Maximum Likelihood (ML) in MEGA 6.0 software (Tamura et al., 2013) . Bootstrap values were used for estimating the support for tree nodes with 1000 replicates.
RESULTS
Chelon caeruleum sp. nov. 
Differential diagnosis
The following unique combination of characters further diagnoses this new species: adipose eyelid not thick, not extending onto iris, upper lip very deep, corner of mouth cleft not reaching to below front nostril and the unique presence of colouration of body is dark bluish grey dorsally and the sides are blue but abdomen is whitish and the fins are greyish, except pelvic and anal fins which are whitish. The new species is distinguished by dark longitudinal stripes present along scale rows and by the absence of dark axillary blotch. Chelon caeruleum sp. nov. distinguished from all congeners by the body which is elongated and spindle-shaped, 2 dorsal fins are small and widely separated (anterior fin has 4 slender spines, while posterior fin is soft-rayed), and the head is flattened. (Senou, Randall & Okiyama, 1995) from the Persian Gulf (Senou et al., 1996) . Chelon caeruleum sp. nov. is the sixth species bearing such pyloric caeca. However, this new species is different from the other 5 in having a pair of long (one longer than the other) spine-like neural postzygapophyse on the second vertebra (Fig. 3) . In Chelon saliens, Chelon dumerili and Chelon richardsonii, the postzygapophyseis is slightly compressed and hook-shaped. That of Chelon tricuspidens is short and spine-like, but Chelon persicus has an equal pair of long spine-like neural postzygapophyse. Chelon persicus, Chelon dumerili and Chelon tricuspidens were not different in either the number or composition of 3 short and 3 long caeca. However, Chelon saliens has 5 short caeca and 4 long caeca, and Chelon richardsonii has 4 short and 2 long caeca, subgenus of Liza (= Chelon in the present paper) on the basis of having both short and long pyloric caeca, and multiple grooves in the scales. These two conditions are classified Liza saliens and Liza dumerili in this subgenus. However, as mentioned above, Chelon caeruleum, Chelon persicus, Chelon richardsonii and Chelon tricuspidens also have short and long pyloric caeca, but there are no multiple grooves in their scales so the new species is included in the genus Chelon, not in the genus Liza. Chelon caeruleum sp. nov. has 2 short and 4 long caeca which are significantly different from the aforementioned species. Chelon caeruleum sp. nov. is similar to Chelon labrosus (Risso, 1827) from the Mediterranean Sea in external appearance when fresh. However, the following colour character serves to distinguish the two: Chelon caeruleum sp. nov. has blue sides whereas Chelon labrosus has silver sides. The following measurements expressed as percentages of the SL are also differentiating (data for Chelon caeruleum sp. nov. given first): head length 20.5 to 21.6% (versus 24.9 to 28.8%); head width 13 to 13.5% (versus 14.9 to 17.7%); prefirst dorsal fin length 50% (versus 52.1-53.8); eye diameter 4.6 to 5.2% (versus 6.8 to 9.6%) and postorbital length 10.7 to 11.1% (versus 13.4 to 14.9%)..
Description
The following morphometric characters of Chelon caeruleum sp. nov. were registered: scales cycloid; head is small and dorsally flattened; eyes lateral; first dorsal fin rays IV; second dorsal fin rays I, Table 1 . Gizzard-like stomach and unbranched pyloric caeca are 4 long and 2 short (Fig. 4) . Colouration of body is dark bluish grey dorsally and the sides are blue. The abdomen is whitish and the fins are greyish, except pelvic and anal fins whitish (Fig. 2) .
Distribution
Only known from Rashid at the Mediterranean coast of Egypt.
Etymology
The specific name "caeruleum" refers to the dark blue colour of its sides.
Analysis of sequence characteristics
Six fish species were analysed, providing a total of 90 sequences. Approximately 663 bp of the mitochondrial DNA COI gene were amplified and sequenced. No insertions, deletions or stop codons were observed in any sequence. In total, 129 sequences (collected from GenBank) related to the studied fishes (Table 2) were obtained for the construction of a phylogram and for genetic distance estimation. 
The phylogenetic relationships of the Mugilidae
According to the COI dataset, haplotypes of the same species were always placed together in phylogenetic reconstructions. The ML tree (Fig. 5) (Fig. 5) . Phylogenetic analysis performed in the current study using the Maximum Likelihood method revealed that Mugil cephalus was the farthest genetic distance with the other mullet species. The other studied mullet species included in a single branch. The ML tree places Chelon caeruleum sp. nov. on one branch with Chelon labrosus, with high nodal support (bootstrap value 99%) and Liza ramada on different branches next to each other (bootstrap value 100%). Liza aurata and Liza carinata were situated on another branch close to each other with high bootstrap support (100%) (Fig. 6 ).
The ML tree of closely related Chelon species (all their sequences were obtained from GenBank except Chelon labrosus) with Chelon caeruleum sp. nov. revealed that Chelon richardsonii, Chelon saliens or Liza saliens, Chelon tricuspidens, Chelon dumerili or Liza dumerili and Chelon persicus were situated on another branch close to each other with high bootstrap support (100%). On the other hand, Chelon caeruleum sp. nov. was placed on one branch with Chelon labrosus with high nodal support (bootstrap value 99%) close to each other (Fig. 7) . 
DISCUSSION
Classification of Mugilidae species into one of three genera, Liza, Chelon or Mugil, has been greatly studied because of the significant morphological and genetic resemblances of these fishes (Fraga et al., 2007; Semina et al., 2007) . In this light, it is necessary to make additional genetic studies to find reliable genetic markers for species phylogeny description (Heras et al. 2009 ). Morphological analysis of specimens, and comparisons with similar species, has led to the detection of a new species of Mugilidae of the genus Chelon, which is described herein. The presence of morphological characters is suggesting a possible inclusion in the Chelon group. This new mullet is differentiated from other studied mullets by having dark bluish grey dorsally and the blue sides. It has a pair of long neural postzygapophyse on the second vertebra which is spine-like (one of neural postzygapophyse is longer than the other). These morphological differences are supported by a NCBI BLAST analysis of COI sequence variation of Chelon caeruleum sp. nov., which suggested that it should be considered as a new species of mullets. Conversely, compared with the other studied Mugilid species the greatest mean genetic distance was observed for Mugil cephalus in comparison to all other species that were tested. This result agrees with the findings of Martin (1995) who reported that this may be a result of faster substitution rate observed in this species, which could be described as a combined effect of nucleotide bias and saturation of signal.
Also this result is in line with Papasotiropoulos (2001 Papasotiropoulos ( , 2002 Papasotiropoulos ( , 2007 who utilized PCR-RFLP and allozyme, and sequenced 3 mtDNA genome. A Neighbor-Joining phylogenetic tree constructed by Hillis and Bull (1993) located Mugil cephalus in a solely separate branch, a result reported by Caldara et al. (1996 ), Murgiaetal (2002 and Papasotiropoulos et al. (2001 Papasotiropoulos et al. ( , 2002 Papasotiropoulos et al. ( , 2007 as well. Papasotiropoulos et al. (2007) reported that both NeighborJoining and Bayesian topologies agree that Mugil cephalus lays into a separate phylogenetic branch being a sister group to all studied species. In agreement, this work placed Mugil cephalus in a completely distinct branch supporting the idea of re-examination of the taxonomy of mullet species. In the present work, the Maximum Likelihood tree placed Liza ramada in a branch different from the other Liza species, and assigned Liza carinata, Liza aurata to a branch dissimilar to Liza ramada and Chelon caeruleum sp. nov. Thus, three species from the genus Liza did not sit together in a single group. This result is in agreement with the findings of Papasotiropoulos et al. (2002; . These inadequate observations may be related to the differences in the methods applied leading to a better result due to the application of nucleotide sequencing, opposite to PCR-RFLP technique (Papasotiropoulos et al., 2007) . The finding of this study is in agreement also with Rossi et al. (2004) who noted that 3 Liza species (Liza aurata and Liza ramada) from the Mediterranean and Liza carniata from the Red Sea did not locate in one branch.
CONCLUSIONS
A new Mugilidae species has been identified and described in this study. The data obtained from this study reveal that Chelon caeruleum sp. nov. is the sixth member of the genus Chelon and that it possesses short and long unbranched pyloric caeca. The phylogeny and the genetic relationship of Chelon caeruleum sp. nov. based on DNA sequencing were also described. Furthermore, COI sequencing had a good phylogenetic signal and can be used for fish identification. 
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